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" 10 „ to us" » P' 0Vlde , „ M1 mw applied such as word 

„ se d exwsively to implement many PP 

pro cessin 8 , data r*^,--- » » °" * t m "form on ft. 

W* di *' S ' **- l a co^ aided design 

«» USKS « ^ " " 1 conunon is a ^apbiaa! user 

computer, play a il0nmm , to. » P^^". ' jca , met aphoss of a 

(CAD) ^ *" 

interface (GUI)- system implemented on *. £ opeiatios system 

pro6 cam o, opeeattng ^ from Mi™ 50 * nser-controlted smP** 

Windows™ operas sysmm moves . d,s P ^ ^ displayed 

nnm APP1= Compnten^^ ^ . computer ^ J^mand >0 „ K nte . *. 
** ^ " ' C ^Xeteenre^.and-n=n."P^ ^ ^ icons 

* KlS °' "„ S objects or regions C - *» >"., „ cum „, ly 2*— ' 
section or operatton The ) uban . Most GUI « ^ presH1 t 

wtodows.pull-downm^bu^ ^ a— - '™ 01 ner pro^ o, 

as displayed on a -P^^ 2 . D screen can also be P^ <> „ ..^ 

i is achieved 

* and maoipuladon of me computer — - „ ^ 
physical object ("user ob3ect ) 
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■ v e tc The computer prov^ feeo 
joystick, etc. i &er 

^ o Uevice in -* , of *e « 

£U us=u as s P-» - „ d „ Ktl , co rre>a«d so M *•£ correla „„o may 

Tortus (.* « ' d , spla ye<i on she screen. To* top ,„ , 

^Joaf *«• "* *° — TJX. moved . " "* 

L be ■ °»" K -' >ne Tluae posUion e*. *» ™ ust ^ * ^ .cose *e screes 

ratio or scaling a . program- which is 

, ope^enrorappncaPo fcr > 

*. — — -cr:- - «• - speed - 

fts Woad, sweep-OS roouon 0 he - . ^ ^ tot o*s ^ 

Ore cursor is - * ^ uable for one cursor >° ^ ^ mMS ,ryp« **- 

M *• -* ^JU- «*— • 7:1. o " sroall rocreoreois C *. 

nrorionsofooep^^ ^ , sW *««• needei , so cn as «* 

„ h en to user ^urare P-»— ° *£, mov ««n. is I-**- " 

positioning"). W <*» - * „ s ot n „us« movent « , «««» ^ ^ such* 

in drawing prog^ . io so me cases, the wig cursor {or 

, 0 example' in u» screen> ana potions 01 u> 

— • dloall eaiarerhesoafio 8 

. . s .. „ - Wlisuc uoc«" is W*-W * ^ of «*■» the 
Mouse "baltoocs or * Bslfelics !etHS ro 

" ^forfroepos^ 0 '^ 



pCrrtJS98/n445 



.5 



W 0 99/10872 ,„ ve d cursor depending upon 

fZZ~—;~:~ 

therefore .he mouse dnver sea* ^ te ^ ,s Italy P 

Conversely, if <* — » mOV ™ 6 " moose dnver scaled small monons of .he ™ 

«»» *>° liOTS ° f lh ?^! 5 , M l79 ofTokunaga. 
4.734,6*5 of Waianahe aoo 5,195.1 

Many - * - " ^ movm. ~ *" *" 

, -JL a mresholo velocity sueh .ha. tf *• «« small mou o„s of .he mouse cause 
<Jea.sr.ale a inr n „ mit s0 to am , 

A proh.em oceurs wnen — J ^"ser .0 espenence foroes or £ 
; • Force feedback interface dev.ces displayed graphical 

moua«, steering «he=., etc. ^ mouse 

30 wJT. -» occurs herween to - W-» J rf ^ moose „hU« vrsua 

ballistics. Thus,v,henunplemenungt ^ 



the variable rsaling. 

W099/l0871 or motion oa the saeen due to tb ^ 

TUs is a parucular problem to tcXture s, ««"* the mouon of the 

the motton »f * e " visoaBy „ based on the » ^ ^ confhot 
"nffic, ft. -* ^ force ts based on pu*™ „ one uireonon 

nutie alS""*" 1 ' wh ™M= the user sffet,:te > ««, starting posthon). 

20 U » ^T^on, end matches *° ^ofmouse " 

changes . *• 4irK 6on has > of mouse monon to 

position. The mo»on - * aiKtiM has . -* ^ te some 

motto *** te m0 „„ve fne mouse * ,K phV „. but oo the screen the hne 

^^entfyoeooteend-ote^- „ 
Uso6 , ^rtTa^y is hesod on mouse ^ ^ fe fed t 

J0 force feedback mouse fc ho,.my is ^^on -* — » * 

>., ra ioncuisotinonon.» d ' KO ° . {aie „ SM suotohesinono ^etching 

^mgpo*^'^ *«-* af "rS; sttotoht^ferinonedt-eonon 
te line -hot same eW>* OT * ^ .ould see -h« >»« s ^ ^ >s „ 0 

, 5 l^r:^-"* 1 ^ « fee- some «— 
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• oDO sition* itsOWn 

'W0f«l«« fc ffl0 usei S ^ a ^ eS ^ e vices-.b^ucs^ 

rh tension exists since the tnouse-type relado nshiP- 
tension, but no such tens ^ ^ ft* ^ seeWg .feehng 

workspace. Thus a ^ 

needed to alio* defuse ^ mott on ^ 

, sting the mapp^ between P sense for for 

ro0 tion makes sens ^ ^ sen *r Un ^ 

pbysi cal reahsm - ^ ^ t0 p0 sitionm g and 

^^'luse would not beoptuntzedfo 

force feedback mouse w in force 

trueof tradrtionaim^e. „ * ^ 

ta addition, mouse b^-s above , ovms - * % ^ ^ 

) „« implementauon. As sloW i y crea ^ lts 

feedback mouse rmp b lhe other ^ be ^ 

q uickiy -d then movm^ te^P^^^^^^. 

startingpo^ ™* ^ offset becomes t ^ to a typ c 

some parts of the ^ caU ed ft afteT the mo back 

0ffe6t ^ n C tthTmo-e off the table and r P ^ ^ ^ - ^ ^ 
mouse by hftmg them ^ osiU on m ouse may have a Um ^ 

to a small". w» d ^ not be *. „ jw Hou , eve[ , 

solution is nceo 
c.^K^ck hardware. 
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hich allows enhanced 
« to a force feedback interface t « erobodirn ents 
ent invention is directed to a ft ^ feedbaC ,. Van 

are presentee eateS for such conflict, * s 

•r,allV.> me>llod , ^nkosicorap" 1 " ™ . . portion of 

osin8 a force forf hical environment " ' cc 15 ^ . rtfeia >ce 

position. hoSt computer display 5 deterrm ned v/hetn dum> and, ^ 



posiuon. u oa coir>P»i«" i,s!>tey ^ „ is derermmed wMm j^a, Mid, if 

potion con-PO- M 3s » cause a ^ of lW re porr=d cu« P ^ 

, U*. S ^L* ■-*» device - **» ^ 

* e °" <P ,h« enV "° „ toe ou.p»> f» reeS 85 ' P 

widun *e 8°P ffigotB oli »»"" 

moe r of a"* 0 ** 8 "* * 'I is .he reference posiuon » ic perron 

cffl sor posmon rep fot «-P>=. nthm such dim c rf ^ 

*• ^fjTU- - 4 * 1 ^ l on «*• derived frorn^ « of 
Mt is die referent P based „ a ^bodrmenrs, ^ 

criteria- In *"* determ ining mouse ^Vusuc) data _ cdispW 



.._-„ posrrirjrr mod* 5 " ' ba lliaics » ^ to 

X*- '" ^ P*"» ' X a— -** » ' 

to *.P-*- , .° 0 ts«*«^ t0C0 " ,r0, " n8 , „ to cursor by ft. 

M indexing ferrrur. of P< rf , hc ^us. » * dev : ce rs 

awi ce tha. provdcs of pen movcmCTl 

provide control oi 7 



The speed of 

wO 99fl0«TC etric control paradigm u ^ 

, to the P^ aCC ° rf Jtne mouse past the reg.cn & 

* C CUIS0T of the seated spring)- * a ^ ^ the closest phys ^ 

cotnpresston of the of ^ m of the 

srr^rhr^^ 

; c nerfonnea omy 

K almE >s P OT ^pace. TO , over a 

reduces the user sund me apparent to those 
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• forface system suitable 
Figure 6 is a Ho* ".agram '" , eomprormsmS 



20 



present mvenu— ^ of the present 

to c<iono.*eprese^« , founh of . -J- ■£ 

. n„», diagram illustramS a compromises 

^ 6teemb0 ,m=»<o t »m^0 f ^ 

j-.nam ill-straing a fi 61 "" 1 . sin . force CwTlwto 

**" 12 U 3 "C^r eoouoi ^ 
tovOT no»torprovidmeeel.a»eeo 
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too d of *e P^scnt 

. c a flov/ a cU rsoT conu 

feedback- 
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,ctius»» ws 

oltr embeds d ^ ^ ^ s0tn e 

othetwi se m other grasped or g PP ^ ^ 0 ^ 

xl is an object that * pre enga5 e a P diflictl t, mouse 1 

Mouse U 1S * ,. at users may ieie he oe scnbea em veU inthe 

arrows ^- u 
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wowiwn „,„„.• 12 need only be moved in a 

r™.manvapplicMoriS.mousel.in 

„. tta sro^ degree, of ne*m.F^^ j4 . oFiguKlaS 3n «»mpl«- 
very small workspace area, shown as ^ ^ ^ 

toapreft ^«mbodimen,,nnenser m^r^ns by ^ 

v V of mouse 12 is rranslared mlo a ft™ fa lanaI spac e 

.h, poamon of mo ^ ^ movarietlt of*' imelfact 

T 0 :— eUnome s,gna,s ro an e^nic Pomon ^ ^ „ 

TASt position information » host eomp** ll£ ch ^ ^ 

X — or other coupfed - —ace 

"1mm generate forces on members of.be mech ° m ^ expen6nc es 

ST- — » ^ ^r^ — of force sensations such as ^ 
forces generaredon tire mo-e^ - 

springs, returns, bamer of „ 

^ « portion of mreri- .4 ta o,uded vrithin tire 

^rfjro me bos, compnrer 

« of the interface 14 or, alrematwely, the e.e ^.^ly, interface 14 

portion of mterface 14 ^ ^ comnu n.o»tea 

The interface .4 can be coupled ,0 tire » emboiimeot , pra vides 

ri^be W «nm K rface.4andcompa..^, ^ . fc< ^.**-* 
Tito the interface 14 (e.g. when bus 12 mclndes ^issio^reception. 
riZ c^ sen' ' * "* T!Te nmrface 14 serves as an input/output 
" Tp rf-d embodrmen, of the present » * * ^ ^ from other input 
device for the computer ,8. The m^« 4 ^ ^ ^ „pu K . 

Sees or eoncrols that - ^'"^ user activating . bu«o„ 15 on mouse 12 
tmpotor 1, For camp,, — ^ f 4 „ ta p,eme„, a command or cause tine 
30 nan be relayed meompurer^ > » , 4 . 
^utermootnputacommand 

Host computer .8 ia preferably .P— " . sW or Silicon Gmpmos 

PC contpatib, Ipurer or Macintosh ^ ^ „„ 0 r msW* 

nation. For example, .be compumr W- P hosl COT p„.er 
35 operating system in conformance wrlh an IBM 
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"""" f „ ^^esy^coounonlycramrec, ed to a 

^ ,g can be one of a vanery of horn < Sega> or Sony. * orher 

....vision «. such as sysmms top which can be used, for 

omenta, homo compter syatcm 1 « _ f ..^^ . 

-P>, .o ~ a ioca, o, globai nerwo* using standard 

computer" which allows users .0 * ^ wide Web . H os. conrputcr 

sections and progenia such as use r ^ ^ ^ ^ M , y memoty 

is via mouse 12 and o*er j-J-* * P ^ , simolatio „ vi deo 

fe^ack functionality. For ""^ ^ VRML, or other instructions, scientific 

gam e, Web page or browser that ^ HH» ^ ^ ^ 

L.^Ptogrnna.vi^a.renfiry-nt.u ^ „ fc nouse 12 . 

tot ufiUzes input of mouse 1 J an °^ f ° r wWows ™. MS-DOS, MacOS, Unix, «c. 
Herein, for simpiieiry, operaung «°* ^ fecd embodiment, an apphcanon 

„ also referred ,o as "application pragma P ^ § ^ Md ^ inp01 

program uu,ia=sagraphicalus.rmerface(GUI top _ ^ 

lime use, Herein, comparer 18 rna be rcft^ ^ ^ ^ mt 

0 ..computer obiecu." These objects J „ , mges by com pu t er .8 on 

Sections of dam and/or procedures ha. may b P ^ ^ ^ . 

topiay screen 20. as is wen kmown ,0 *os * ^ host 

scared cockpit of an abcrafr ^ ^ ~~ * a 

" ,Se ' CaUf0ma ' uterl8 and can be. sumdard display 

^ (LCD, CRT, etc.), 3-D goggles • « * 2 „ md/or oth er feedback, such 

eppheufion p^des images . U ^ from , 0UI . ImagK 

I aud,tory signals. For example, *£, «~ „ „ . virtual ^ gam. 



30 
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V " ,m ° t " , of operation for mouse system 10: 

are rwo primary "-«- P«**" ° P icJ ^ paradigm for 

poaiboo co„mo> - - Z^f mouse 

sin* conn-oilers. ^ 0 f . gmpbic* object The mappmg 

fce mouse in physica. apaoe drrec,. J*£JLa* — — teP " 
o m „a«e an arbinar, seal, faotor, button ^ mppmg , A e 

md ^aphica, ob )e o, displacements ^robieo. is or morion. Poairion con.ro, is . 
oomputer objec. does no. move ^ ^ inKrfaces (GUI's) or medic, 

pop* mapping for ^ ^ foltdba* rough* corresponds ro forces wbrcb 
procedure simulauons. Pwtw icon ^^er-cenrric" forces, 
would be perceived drrectty by Are user, >.e., rhey ar 

, 28 is orovrded with the display screen 20 for 

MshowninFtgure I. a-d.sp.ay ^J^.^, «. fra me can also be 

defming .be area of movement of ' refereIKt j, as well. In contrast me 

consider* a "bos, name", *«* *= ^ „ „ hich the mous e 12 is moved. 
m ouae .2 baa a " Iocs, frame 30 in positi on> of a « 

- 

* Tb , srefers ,o amap pmg,»biob te 
RaK controi is a,so used as a — ^ * of freedom is — 

diapiacemen. of the mouse U along Tbcre „ „„, a direct 

0 ^ped to morron of a -J^^^Uon and enmpurer obj K . mobon. 
physical mapping between phyarcd object (m >( t g . ven poslUon 

Thus, moat rate cnnp-ol paradigms allow or glven vel oci„. in comma, 

^controlled computer -purer objec, ro be in 
,0 the position control paradrgm rhat only 
25 motion ifmanaer object is in monon. 

,0 is useful for bom position conrrol C rsoron.c ) uste 
The mouse interface syarem 10 u useful 1 ^ 0 f 

„d raK ennno, ("Uomebic", ^ „ , ^ of a cursor on display 

,2 m the workspace 2 -^^,y, me daemon, of mouse 12 mr, 
screen 20 in a posruon connol can comlMnd rat e conrrol males m an 

^ aa a cursor displayed in a g.aphiea. compute, — n ^ ^ ^ ^ ^ 

14 
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vehicle in the virtual environment by 
user can be controlling a computer player or . ^ ^ ^ 

m anipulaung the mouse 12. The computer system ^ 
SCQSOrs as the user moves i, The ^/^JJ ^ ^ obj ect against a 
commands to the mouse, for example, when ^ ^ tQ 

FIGURE 2 „ a ,-p- — - — ^ "^It t 
providing mechanical input and output >n acconi ^ ^ , 

ffms ducer system 41. A base 4 p ^ ^ ^.^ ^ fe 

uansducer system 41 on funded surface 3_ of ^ 

mous e .2 and couples the mouse . » .. ^ lilJ;age Coding a 

Utoge 40 is, in the described '^"und membe[ 42 , . seC o„ d base 

mcm ber 48 coupled to ground member 42. a ^ ^ ^ ^ or 

20 coupled to or resting on a ground surface J. <•■ bearings") 

MU p,ed to one another tbrougb dre — ^ U p J,„ ground member 42 by 

having one or more beanngs. Base ^ member 46 ls [0la ubly coupled 

. grounded bearing 52 and can rotate about • U* ^ 4? 

JLe member 44 by beano* 54 and can ~ ^ ^ ^ ^ ^ 

25 is rotaUbly coupled to ground member by g ^ ^ about 

mm ber 50 is rotatab.y coupled ^ ,o « mernber 46 by beartag 

floating axis C, and object member 50 ' reU(jve t0 ^ „ te abou, 

58 such to, object member 50 and to* * ^ ^ Mc h «* 
floahng axis D. Linkage 40 is toed as a „ ^ w0 iegre «s of 
30 the member, can rotate ^^^Zltpl defined by the *-y p.»=. 

which is defined by the x- and y axes ^ ^ ^ may 

embodiment U coup,ed toohje* member s b *T ^ ^ planaI 

rotate about floating axis E and alio* tne u 



35 workspace. 
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™" te oosition of mouse 12 in its workspace and 

I«d« system 4. U — indudes senses 62 and 

,o generateforceson.be mouse 12. of te m ouse 12 in the 

tL» 64. n« sensors 62 — t0 eieofionie portion of interface 
pr ovided degrees of freedom - - about m is A, end scor 62b senses 

4. Sensor 62a senses movement , boot ^ A ** * 

cement of base manner 44 ^ ^ sucb B the icngths of the 
— — — o.. 

members of linkage ^ ^ 

W^H^rf-^^^ETn. A moving encoder dis* or sre 74 ,s 
is detecKd across a gap by a beam h _ined spatis, incremen 

provided a. me end of member 48 whrch bl ^ ^ ^ ^ member 48 by 

and allows a processor ,o — ^ ^ f memto 4S based on me speed of passrng 
counting the spatial increments. Also. 

— 1 tadudK _ 64 to .nam. 

Traduces system 4, also ^ "Lorn of me user objecr. Thebousmg 

m „ us e ,2 in space, i.e.. in « (or mom dei^o ^ 42 „ d . 

ot , grounded porrion of actuator 64b base memto 44. The actuator 

po J„ofaom,or64b(p re fer^yaeo«. ^ ^ ^ m dc4 

Lsnuts rotational forces to base m mb r 44 a^ ^ ^ h 

a wire coil, of actuator 64a is integrated 
of actuator 64b, and a moving pornon <P<*** „ ^ merabe r 48 about axis 

L base member 48. Acruator 64a '„ A allows f „ re os to be emitted to 

* -\;t:t=r"otpaoe provided by linirage 40 fiuough one 

5 — — * <p- ,^ — 

which provide fome through the mter ^^jj^ a magnetic field produced from the wu« coil 
fields fiom magnets of fire ecfirarora £~ ^ ^ on appIopri a.e members. The 
,n when current is flowed in the coil, thereby prodn » cunent ^ « applied 

30 ^-^-^^rT^fcZ^ field strength of me magnets. 

coi,, me number of .oops m ^^'J^ ,„ ,he coil. Forces in me 
T.,0 direerion of the force depends on the direction ot her types of 

^ y . direofions of mouse 10 "^^t DC motors, pneumatic motors, passive 
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W ™° m . ^tarkm) of*, members 44 and 48 

^ ,o sense «. -* (- *• »— - 4 " 

ab °° t K be used for a 3-D inlerfaoe devtce 

„ an ahem." etnbodime * the me*^ - ^ ^ ^ fte ^ plaMr 

^ allows a user » move a user objert " mecharusm 14 can be made 

to route about a grounded axis, sucn ^ ^ 

As shown in FIGURE 3a, a — ^^JjL^^vS*- 
memb er 42 .o U> *e movement of moose 12 ^ fte d mcmbtr 42 

wo rkspaee of me mouse .2. Guide -P—J ^ ym / specified limlts . A gurde pin 78 
to vmg sides which bio* movemen, of * > ^ opening 76 . Pm 78 

„ M „p,ed ,0 me beanng 60 a, : » fc ^ „ moved t0 . « in , 

comacu one or more sides of the opemng ^ dlowm8 

particular direction. As shown, go* opening ^ ^ This „ 

&e mouse a workspace of approxrmar* yOS J^. ^ ^ ^ § ^ object 
typically adeoua.e workspace for the use ^ dif f e ren.ly-sized guide openings 

such as a cursor on a display screen In other «n ^ ^ ^ be ^ 

can beprovid.d rordi^y-aiaedwo^P-.- J» , 6 „ ^ K ^ 

t0 prevent movement pas. prcdetermmed l.m K . - ^ ot 

JU - » " * 'T^'^rZ -t. displayed area of dispiay device 20. 

ta FIGURE 3b, *e mouse ,2 ^ - ^1 C Z 

pUne of the workspace of die mouse The mo rf fc uppK , eft ^ „ 

FIGURE 4 is a block diagram ^ — £ ~ em"» 
bos. compute II suitable for us. t wt* * m ^ mouse 
tocta oes a host computer 18, elechorn £*» 1 ^ „ 

or ote user object 12. « ^ ^ ^ JW ^ „ MUpled „ 

30 can also collectively be constdeted a force 

the host computer. —-ml 

. nt„,rc 1 computer 18 is preferably a personal 
As oxpiained win, reference .0 F gurc UJ-P^ ^ ^ device . „ os , 

computer, workstation, video game consol , ^ access memory 

35 (RAM) 1 10. read-only memory (ROM) . P 
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, v., is Hosrmieroproceasor 108 can include a 
20, and an audio on** devroe ^ H „ ^ mm „, and 

«*, of available microprocessors from Wei ,W Mson . Microprocessor 

«. be srngle microprocessor chap, or ***£ZT — y *- from RAM HO and 
,08 preferably retries and srores msmmuon^ and host 
ROM 1,2 aa ia we,. known ,0 rhose «W« ^ ^ ^ rf 

sparer sysrem 18 can reeerve «M - - J ^ fom bus 12 „ usmg 

system ,0 and orber inf— M,c P-- ^ ^ ^ ^ ^ 

"° *-? 1 r ^Lanos .0 inrerface device ,04 via bus ,20 ,0 cause 

computer system 18 can aiso t> 

force feedback for the interface system 10. 

, d dock crysta i or equivalent component used by host computer 
Clock 116 is a standard clock costal eq ^ microprocessor 108 and other 

l8 t0 provide timing to electncal tgnal ^ ^ ^ ]g •„ ^ 

components of the computer system 18. informatlon that may be necessary 

^rrSTT — a veU or aceCeration ^ position 
in determining force or position, e.g., 

values. . nft 

c;«, M 1 Audio output device us, 
Dlspl ay devrce 20 is described with refer** » .8- -J* ^ ^ ^ 

su chas spiers, oan be coupled ro ,08 outputs s ig na,s ,0 

cirouioy we,, knovr, ro to. V" *"*^ J^o.o even," ocoura during <he 
0 speakers 1,8 ro provide sound output .0 1»» ca „ als0 * 

Iplemenrarion of rbe bos, ^ £ fek ^ „ ROM dnve, 

m d me interface devroe 104. Bus 120 can ^ ^ ^ ^ „f 

,„ a serial eommunioation protocol, a para,, ^ ^ 

_ An interface port of bos, compute, „ „ bus ,22 

connects bus 120 to bos, computer system 18. ba » devi „ 13 . 

30 « be included ,o communicate berweer £ £ ^ 

Bus 122-beooupl^aseoondp^o^ £ P ^ rf d 

35 -rKZSSC'— • - 
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" 0 *" , ° m , ^devices of to P«eo. invention, and 

„ m drive actuators 64 and oU>er devices 

canprevidettmtngdarauaal, ^ ^ ^ 

« interface .00 inches a "^Ue 10 0 may also tnCude 

memory .34. — <— » 6 ' "I—"*: standard on buses .20 a, 

addi^c.ec-icc^^^ , Q0 ^ bs ta Ouded in 

m . to various ^^j'"™ 0OT separate <«*» 

interface device. Processor IM — *- ^ or ta any processors .08 m 

h erein refers .0 processor » « „ feasor .30 being dedicated .0 force 

,,0* computer IS. -Urf ; dbeingc ,oaely coupled « sensors and 

feedback and sensor VO of d. - J- * ^ housing of or in a bousurg 

ac,«*ors of one rnecbanic, » - * ~ f£ 

coupled C.OS..V .o apparonrs 102. M«reP ^ ^ paKe/deco d. rbe 

Jncrions .o war, for commands « £~ sjgnals accotdinE » ft. command 

command or redoes, and handWco indepen denu, of bos, 
„ in addition, processor 130 prefcramy P ^ agMls nme 

M request calculating appropriate forces rrom 

by reading sensor signals and accordance with a host command, and y 

, Lab, and force processes select » Coprocessors for use as local 

' Z*~ — ^ ! « U E9 t Motorola, the PIC6C74 by Microcbrp ; 
preprocessor 200 include dre M« HC7H J ^ _ rmcreprceesso 

„d tbe 80930 from Into,, ft. — ^ cbips, sndior digtta, signal processor <DSP, 
chip, or multiple processors and/or co p 
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am^le, m one bos,— ^JZZZSZZ 

UO directly «-*• to m. ° d * mmallds „ microprocessor 130 over bus 120, 

syst em 18 provide, bigb level (oops . senso rs and acmamrs . 

Id microprocessor ,30 man*« - » „, ^ bosl c o m p„,er .8. In Or 

accordance with me bigb level commands and tnd P ^ ^ l0 

S oon.ro, embodim., -be mioroprooes, ,30 - P^ ^ rf . „ f 

determine appropriate outou, acriator calcuMo n msuuetions, formmas, 
preces," ma, may be stored in - command distinct force — 

Lee magnitudes, or otber datac Tbe foree^ P .^^^d^ayed*,^. 
such as vibrations, tortures, jobs, or even sun 
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, nn comouter screen 20 and a computer object 

(eg., cursor) controlled by ft. user colhdes tvuh ^.arcd with the rigid 

K^M host commands - * '"Cr^rBO can be helpful in Inching the 
sur6ce . A l0C al connol mode usmg -orop^ TOteic ^ 

^ rime for forces applied to the ^ , - lp-w 

curate force feedback. For exampte, U - prefe^ ^ ^ , f m or „, 

mentation- to ^««" » tol ^umen. which are associated 

te graphical objects drsplayed ,n . QUI « _oa WP ^ ^p^easor can 

^ forces and the typea/ehamctensucs «*m W ^ ^ b£ >Me „ detOTline 

^ such a sparia, ^phieai objects (such as the rigid surface) 

amotions betweeu the user object andgmp „„ m be provlde d 

^dependent* of rite hos, cumpu.cn U ^ ^ md lar8et 

«<b the necessary tastruorions or d- <° *** host , 8 . TTre host can 
positions, and determine output fore* images) when appropriate, and 

Ip.emen, program rimcrions P»~ ™ - ^ ' . 2 

^otaoniaauon commands can * «™ mem0[y l34 can st „re predeterromed 

«M *• microprocessor and hos. proofs. ^ wes of 

— - - - d fora feedback ** ,0 

the interface 14 to generate forces on mouse 12. 

nr HO are also reported to host computer system 
Sensor sisals used by — ~J ^ J signal s as appropriate. 
IS.^chttpWesahos.Whctm.nprog^d ^ ^ ^ ^ posWon 

For example, if me user moves Splayed cursor in response. In an aHemare 

rigna.smdtoaringmismovcmen.and^movoad y ^ ^ ^ ^ 

^odimeut no loci microprocessor W . « ^ fc 100 ^ 

computer 18 directly controls and processes all s,gn 
mechanical interface 102. 

i_t m the microprocessor 130 to provide wrung data, 
A local clock 132 can b. coupled to te mrorop ^ ^ ^ for 

W. to sysrem clock 1U ... fora s dependent on calculated 

0 example, .0 compute forces ou*u, ^ using Use USB 
^ or ome. ^"—=0. «0 can be renieved »om me OSB 
communication mterface, timing iwut 

iDtCrfaC6 ' v M RAM and/or ROM, is preferably coupled to 

I— 134 : ^«ta*u edeo. for microprocessor 130 and store 

coprocessor 130 in mterface 100 t .store » parameters « a 

temporary and other data. Microprocessor 130 may 
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„ „ ,34 may also be used to store the state ot 
local memory 134 such as an EEPROM. Mental ^ ^ mo4e „ 

te force feedback device, includtng a reference 

configuration, ere. ta el«r.onic inrerface 100 convert 

Sensor interface 136 nr., * mlC roprocessor ,30 and/or host 

sensor signals ro signals drat can *J^£*J^ can ^ sipl als fiotn a digrral 
^ syst em 18. For ^ . digital btnary nunrber represenung 

^ s „oh as an encoder and convert l4 . An s^log ro d.gtul 

Z postdon of a member or . ^ ived analog sign, to a dig,tal 

.ypesofrn.erfaceoimuiuymcanalsobeused. 

n.crop.ocessor 130. Inrerface 13. M 
appropriate to drive the actuators ^» Such taBtft ces are «1> Imown 

^;r^rr^rro^:^-^--- w 

t0 1 ° S i 10 or in the actuators. 

witmumreroproceasor 130or ^ ^ ^ ^ ^ 

ta to e described embodiment power ,s supp . ^ ^ ^ ^ md 

components (as mrpured) by me U* ££££ when ^ to drive acruators 64. 

Alternatively, a power supply 140 can op 

. Mechanical apparatus 102 ts coup ed . * ^ ^ olher 

5 ^ors 62, acmators 64, and linkage 40. f ^ provide signals » 

cn»sc.eris.ics of mouse 12 along one or«* cbaracK risncs. Typically, a 

coprocessor .30 including which ntouse 12 cen be moved, or, a 

». 62 is provided for each degree of *«*" ^ of feedom . fccnple of sensors 
30 single compound sensor can be used for ** ^ optical encoders, 

Stable for embodiments descnbcd * « ^ ^ ^ sensors, .ateral 
po, e „tiome.ers,no»-on»c, sensors (eg ^ or accelerafion sensors. (e.g„ 
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W ° * n<m a „ « or more dnecrions .ton, one or - 

Actuators 64 «-« - ^'^^roco^r 130 andtor host computer 
degK es of rroodoro in «P« to stguals - ^ ^ ^ ^ for dcpee 

U ; sJ^nansnritted. Acruators 64 can include two 
of ft^oont along which forces are ^ cunenl C „„ TO 

^ .cive actors and passtve «M» A § (mora wlth limtt d 

lots, stepper motors, pneutnattcrfty* uhc acwe^ ^ ^ , forK „ „ 

ms riar range), a votce coil »<«^ ^ors 64. such as magnetic paritcle brake, 
ttUn brake, pneumanc/hydrauhe p^ In som5 ^boditnent, all or 

some of sensors 62 ana 

UaM<iUMr ' , ™h=r linkage 40 described above, but can also 

Mechanism 40 is ^^"^ " ^tentatively be a puck, joystick, or 

* one of several types „ describe(1 ab0 vc. 

o^dcviceoraniclecoupledtohnkagc 

Other input devtces ,41 can -f^^llC*-- " — 
signals to microprocessor 130 ^' ~^ cmlhe in p„, frotntheuaer » aOU. 
bu^snchasbuno, 15^0, .U^ ^ _ ^ Cwtth 

saftty a-* «?52r^-?:r: : 

. m ec b anistn to allow a user to 150 is Mup ,ed to allots 64 such 

acti va«e actuators 64, for safety reasons, afe-y ^ ^ manipulauon f 

« toe user tnus, continually acriva* or to* s * ^ ^ ^ ^ 
m ouse 11 .« «ivate the actuators <*. K J deacUvated ) as long us 

^c«r 1 10 and/or to host 15. 
— — °°- 10 muWplc roecharica , apparatus. .02 

„ some emhodiments of tnterface sysmm « syflOT „ tou? 

^ elKtr onic interfaces 100 can — — * ^ *" 

bus 120 (or ntuhiple busea ,20) so «^ simulalion , for eMmp ,e). In add, ton 
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wo, * ,08,^ . 

' computers; for example, . — k- 

devace .04 can be coup tad .0 mul»F *b» » Mmpuler ^ t0 

computer can display images based on da* recerved 60m 
the local host through a network. 
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EaliaEs i Q) E ai foetrol M i l tffi i r^"- - 

,i™ is concerned with mouse system 10 allowing an 
One aspect of the present tnventton ■ concern ^ ^ ^ 

— degree of control over a «. ^ ^ ^ ^ ^ enhanM o 
feedback that is not compromised by m pg md oth5r 

dcgree of cursor control includes ^^ZZ^J^ * - 

^te, as well as coame postttonmg of the cuno ^ ^ ^ cfflSor 

ta e positioning. Another aspec. of ^^TZ object) .0 become inmsive .0 the 

^ou. fimits «o Physical — ma, Responds ,0 ft. case in a non- 
the device incorporates an mdexmg ^ ^ me 

feedback moose of me user rep— * - - ^ ^ ^ ^ 

offset between the mouse frame and the host co mp ^ ^ ..^ fe 

OTb od,men,s described otto ^ of interface devices and 

used in the following embodrrn nts, « ,s m. ^ ^ ^ yanous 
ose, object may also be used wtth the pks ^ 

^oodiments presented below are descnW * .^/^ ,04) ; howev*. a host 

,30 (or other dedrcated prolog «-aM ^ ^ wropriMe 

corner ,g oan implement the etnbodunen s of P ^ 

edifications) if no local microprocessor, re ^ ^.^ 

Alternatively, fits host computer can tmpl=nt« so ^ „ u 

rohasaGU.game.simulafion.e.c.ondisplaydevtce^ 

fl oreo on or throu^ a compuKr r^bfe ^ ^ ^ ^ 

nredtan nray be digital memory ohms or other mem ry pcMCIA cald s, etc. The 

disk, floppy disk, or upe; or ofter mad* sue h «CD*^ ^ ^ ^ 

^puterreadabfemedtummaybetnolu^.^ ^ ^ „ ^ 
or i„ both. The program inatructtons may also oe rran 



device 14 from a different source. 
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WO " /l0872 • of the locals 30 and display frame 26 

HGURBSisadia^^^ available wo^space in w W c h the 
md their relationship. The local ^0»^ ^ emboduncnt described with reference to 
ffiOU se or other user object may be move* ^ ^ ^ fey ^ opening 76 

Figure 2, for example, the dimensions of the to ^ ^ ^ ^ ^ ^ 30 

in the base 42, which may be . „ of opemn g 76. The mouse 

„ provided by guide pin 78 « — or „ h other 

WO rkspace may be defined and hmited by 

embodiments. rv,<^av 

„ » > r - . — — 2: r-ss— ' 

, frame 28 is une visib.e, « « » — - — ^ * m ° Ved 

video seen, on which a user conned ^ * «. ^ J0 w OTphasl2e 

„ F ,^e 5, the display frame * - *» ^ ^ ^ te display ft. 28 is 
^ concepts in the presa* _~ example a compu.es monimr may have 

witt Uy larger in ac.ua. sue «- ^ dimensions ." X 1" . Thus, movement . 

, , Bi „ l8 2 from which x and ycoomma.es of me mo,^ 
Uca! frame 30 has a .oca, ongm 182 ta» ^ ^ posltlon 

d^ini.swo^pacoa.erafar.ced ^O .s ^ cmOTt posM o„ of one 

otb o,b me cursor of ax, E and guide pin 3g in fce 

20 mouse 12 in 4a local frame 30 «*. * P jse The gu.de 

OTt odimen. of Fig. 2), where -ha up of ^ „ ^ yjocul) in .he 
pm ,8 (shown as the dp of cursor 180) to P ^ ^ wWch „ md y 

LmpleofF.gureS. ^ 20 « referenced. The cunor ,80 thus 

— -^^^h.n.eexanrp.eofP^S. 
* " ^ u ^ off!et ^ local frame 30. This has 

detail below. . . 

£ _tv>nH ?00 of the present invention 

FIGURE 6 is a fl ow diagram — ^ „ loose system ,0. 

30 for implementing enhanced cmsor confro ^ n od.n of the 

b m(! mod 200, ballistics are P"**"*^, J^Amt forces «. provide more 
o^r,hu, re feroncodauisus=d forde^no^P micropro c«sor ,30 

realistic force feedback. * me lUows te force sensa,ions to ha 

dotennines me ballisnc posmons of me cursor, an 
35 calculated based on reference data. 
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oai the mouse position in the local frame 30 ti.e.. 
Tb. method begins a. 202. In step „ tire - reference 

m«» «*P") * iead by te "TSbed as x and y coordinate referenced .0 
position." For example, tire position can be tec ^ ^ „ 1<jcal 

Uaceori^n ,S2. *^J^X«---»'-** 
memory 134 and is kept available for retrieval 

v™ is determined from reference dau. "Reference dan", 
„ step 206, a bdtisuc ^ mouon olltx m0 »se in !ocal frame 

^^.oherem.isdantdescnbmg tirep smo ^ „, d te 

30. Fo r example, me reference ^J^, J „ In tire 

velocity and acoelerauon of the mous 

tiescribed embodrmenr, tire balhstic P-~j£"£ ^ te CU Itnt velocity of the 
and methods based on the velocrty of me n»J FoP ^ ^ ^ 

mous , in tine .oca, tame 30 can — • ^ ** « ^ 

over time read by the sensors of the tnterfac devrc* or by ^ ^ for 

*- —* « r^fTpmt^ nses a h^tic accelerator on the 

example, using loc* do* 132 On ^ rf ^ ^ , , „ iK w 

^rititrn ,0 determtne how where me BSF is tine ratio 

factor" (BSF) can be detenurned based on tire mo ^ rontescree n. The 

BSF is determnted snob tita, ,0. mouse - ^ ^ ^ ^ ^ 

BSF), and large mouse velocues create tog, ^ ^ or , 

BSF cso be detemnned based on a continuous ta«mn ^ _ ^ ^ 

detenuine the value of the BSF. A change p Ming va)ues from step 

BSF multiplied by the change ^^^o^culated as the old cursor position (the position of 
MO. 1* WW. 1«— - P^* UeraSon of metho d 200) ptas tite change* £*. 
.he eursor m dtsplay tane 28 m the ^ ^ fc6n ^ bllUstlc 

0 of the cursor just detenrnrted. Tins « u perfonning ^ 

position is sealed down or no. «*d - * * ^ ^ „ fc 

Positioning of the cursor and «dd * > _ „ pcrforatag 

velocity is large, tite balhsttc posmon Such wlisfo is we.) 

— — r rr: ^ - - » * 

35 « rrr.e b!,,,,c positions are preferably stored by the mtcroprocessor tn 
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M memory as ft. ^Uy frame "^^cdara). 
..r.ta (reference data) and display ftame oar l 

Wtemauvely, other methods ean b » ^ ofIhe CUIS0 , For 

■ r ,h, cursor position to allow fine posiuotung an 
mapping of the cursoi F invention can be usee, »nic 

example, a predictive type of scatag oIN MP ^ of ^ plior „. 

-Bendly" ro force feedback imp— ^ ^ ^ , s meml from a 

Such predictive scaling only implements afinp ^ ^ ^ cursor . 

^-movement scaling when ,« , *»- « ^ ^ ^ ^ ^ 

That is, odter criteria besides mouse vetoed, ^ ^ can 

of *. coraor position from dre «. -non ^ ^ rf ^ „ „ , f 

exam n= positions of fine mouse (or * ^ ^ whelhc , te cursor bus mo ved 

tae positioning mode is entered. Tbe m -P ^ apredaenmn ed penod of 

vrithin a smafi ^^f, rectmBoto area surroundmg the cursor; for 
toe. The region ean be defined by a^m ^ ^ pre der«mmed 

example, a regf on having aradius o < ^ ^ „ M fte us er is anempting » 
prtod of time is some rime pencd .ong ^ mk ^ may ta having some 

ra,ered ' 1 .heni.isassumed/predicr.dura.theuserneedsureasais^ 

If such oondidons apply, then « is assum P ^ ^ ^ u M , 10 „„ 

of fi „ e positioning mode to perform die to . ^ ^ For tMmple> 

a^ed or scaled reference P— ^ ^ s0 to , a .unes me mouse motion 
5 ,he cursor position can be added to 1/4 tiaemo P ^ movOTenu ,„ 

„ quired to achieve an equivalent J ^ of to cu[S or. 

m ove the cursor in shorter urommenU jndp ^ ^ ^ mo0on 
amatively, a balhstic afgorimm U is moving dre mouse siow,, so ~ 

h^co on the velocity of (he mouse. ballist ics algorithm. If the conditions do 

30 dre curcor motion is scaled dovm — ^ „ . ^ coarse mapping, since £ 
~ rrZrrmr^ent^ge.eaca.gof.ouaaorfo^e 

f- T-*-— rr-r^ 
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t move with the cursor or mouse once tine 
o^tocsman vetoed K gion (»lu*6o« no. « , f ^ mouse ta 

phoning mode is entered) to one P-"~£ of tae region, fine 
^ SOU and unmoving • — ta s besides mouse ve,ociry define 
positioning mode can be «-i Tta od™ ^ ^ ^ for for „ 

wh en different scaling ,s appbed <. opposition ,o only cases when 
feedback devices because ttresmcts the c|ose t0 ^verging upon a targeL 
te cursor is moving within a vcty smad re^ ^ ^ scmato 

„ ». d,e - , — — r r::; " 

th e qui (or other graphical •»* enaM1Kred or contacted a 

position. The — iSO ^J^"!.^----..--*.*" 
graphical object or region in the GUI that » ^ m(Jved ^ cureor 

Nation should be output on dte mouse .J. «*J ^ ^ wfch ^ cause . 
onto an icon and held down a btmo. 15 on to ^ ^ 

dampmgortnertia — °~ °" ""T 

mov ed over a window border wht h causes aspn ^ ^ ^ ^ ^ „ 

, 0 indicate the locution of dte border A* £ which Mus es a 

wh en an even, has taken place tn dt= 001 " P ^ting a mail message 

force sensationon me mouse. ™^™ d ™ Le on the mouse toward a mall 
naa been received, which * ™2ZZ ZLs arc output tha, are overlaid on each 
ptogram icon. In some cases mi eroproccssor 130 is commanded wtth htgh 

other. In me preferred ~' " ,„ foment one or more loca, proxies 

5 levd host commands mam me host computer » P ^ ^ 

that .ocolly check mouse portions ^ °"ment For example, as explain* above, 
demotions or even, occur in the graphtea 1 — t ^ ^ ^ fom 

telooafmicmpmcessorcanprevtoudybesenta layo gra ^ 

Ae „ost computer to allow me s ^ ^ esn send a host command to 

30 Ahemanve.y. me host computer, ^ ^ ^ MmplIBr determines 
cause the local processor to immediately outp 
that such a force is appropriate. 

. .• „ „f the cursor with other objects in the 
B U import to note mat dte on , he * data from 

dispfcy tame gmphtca. —en, ts has ta S ca,ed accordbtg 

35 .ep .06. ma, is, m, .cursor posmon ^ *^ ' Qf ^ _ „ „ ^ ^e 

,0 mouse velocity and thus may be dtfleren of ^ ^ 

30. When me local uniprocessor detenmnK wl, 
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• , ed.tfic ^ f 

cbjecu occur in «=P ^ <* ,s if*"* * locltlon „ ffl ,« cursor and any inrcracuons of 
plion in tb. display «— 28 .0 deremnne the toe 
the cursor in flic display taic. 

, M 210 »here tndependen. forces are calculated. 
Tbe process continues to step -t ' foreK whic h are not based on posttton 
Wepcnden, forces" , as referred « " IcfHencc dal a nor batlisuc dam ro 

or m o,ion of the mouse or curaor and ^ forcK , such as a vtbtunon or 

be catoutoted or generated. For ^ ^d/or repottng time interval 

. J* axe simply output on the user ^ toe> and a. predetermined 

^ dumnons, in specified director* » md inerda forC es 

^tudes. To cCcufare ^ ^et.tion of the tnouseis re,u,ed. Thus. 

- - - • — ..— dau OT ba,usn ' 

feeees are forces baaed on a po sttton veto ty ^ dte relafion F - Bv, 

e^mpto, the catouiadon of a d^tpmg ; f n* Kg ^ ^ ^ ^ ^ ^ 
w here v is me vetocity of me <*«. B - . amp g ^ ^ ^ „ ^ 

ferce. Here, v is prefcrabiy based on ^ jn „ which ts based 

to determine v. Similarly, an merna fore uses ^ f . ta 

onth ereferen=eda*ms<ep214. IW £ • • ^ ^tacemen. rc is of 

.here x is me displacement of me object £ t-«^ t ^ foKe can u 

the mouse and is mus provtded usmg * y „ „ ^emen. of me object, 

belied as F - f ' (v/ WO. ' » » »"»" " \ e opposiB direcdon to me vctocrry 
ptcvided as reference da* and v , ,v| ts us » » ^ „ other ways 

s of the mouse (since fticrion opposes motton). Fncuon 



30 Lcnfafiooofforccswhitopmvtdmgb^dauto ^ ^ ^ 

of fine cursor on me acre*.. Thts allows ft ^ 1° be ^ ^ ^ „ al)ow 

o£ ^ tnouse m b. toe- fi-C y* * ^^Tote frame *• — 

to e positioning and coaise movement of the «*> ^ ^ over COKOr 

35 motion gamed by the use in 
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irionine while providing forces based on 
i ^mvides ballistic cursor positioning f 
advantageously provides 

reference data. 

M»M since *• miCn,ProC T I from each set as needed. Thus, the 

^processor can select W UK -"££21 to when caicuiaung forces, and 
,o other graphic objects . *. OA- * Wow) . ttc use of ,ocal 

object over bumps or a grattng havmg P ^ on ^ ,. e , 

force sensation is to output a -taping » „ , given spatial fteq uency. 

te damping ^ed ou^ off ^u»ce» ^ ^ ^ ^ 

5 using the two stored frames of daa, the top 8 ^ ^ ^ ^ ^ ^ 
reference data since damping depends on ^ ^ stace 

nation of me damping = Z bump would bo fe, 
the position of the cursor on the screen oiciat 

,t™ k to use the ballistic data to both position 
Another solution of the ptesent tnventton ,s o use ^ ^ fc 

20 dte cumor - to generate al, fomes. This tsa^ soluuon^ ^ ^ ^ ^ 
dett rmined ftom me reference d* *»* ^ ^ ^ ^ ^ t . 

to can be used for all purposes. However, sucn ^ of ^ 

T.*^^*^^.^^ ^ ^a would diston or 
oursor. generation of many types of tome force sensatols m 

25 diminish me «*« of moso force -^J^ ^ ^ t0 simuW e me viscosity 
typically based on velocity, such as F - Bv. P vdotity of ^ 

of a materia,, such as ft. fee. of „„ whether ^ n00sc 

ouno.Uusedfbrv.totev^^ah^w^ ^i^.wju.rtd 
ta no vod afow or fas,, governed by » ^balhsnc ^ ^ § ^ ^ 

30 velocity, different from me actual vefoe* - rf *■-» > A similar sintanon 

' magnimdeofdampingthanmeusere^tof^by^ 8 IftobaJ1Wc dauU 

oeouta for an inertia ^"^^^ « - - « *» - 

29 
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tor the user since the reference data describes actual 
provides more realistic " ^ " e forc e designer may not want spnngs to 
position/motion of the mouse » local fram 30. ^ ^ ^ ^ 

ballisnc data in force de.enrdn.tion is undestred. 

ta SKp 2 H me torces derermmed maepa - ^ 2,2^,1 . ^ o~ 

„d f or other ^^^^^ 
performed a. any time after step 212, or concmren y ^ ^ 

force U output by me interface ev.ee ^Z^J^ force. The ourpu, force 
preferably controlled by .he toed '^7^ 1 2 other parameters to which the 
Ly atso have a specified duration, drrecuon « . taows ^ 

parameters directly from the host computer 18. 

b next arep 2fd, the process chec^r ' ~ ~ J^ST- 
SV e P 2,2 (or determined to be re^ued » A J ^ the CU1SM 
when reference data is used to detennme forces an b 1 ^ ^ ^ 

resute A "vrsual sprrn S " force . . bed. „. «p«*» 
, visaa, apfins diowa me user «^ ^ „ ^ or eonftaefcd. 

or contraction of me spnng, and feel te spmg ■ ^ „ ul does not 

, 5 "mTberween the vrsua, and haptic e*p=r,ence of the user. 

set ^ to me baUrstic posiuon d— - ^^abo,. Step 222 is then 
30 host computer 18, as detailed below. 

30 
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FIGURES 7a-7f demonstrate the need to provide a constant scaling during the output 
FIGURES 7a 7t ^ rf g ^ gpnng bemg 

of a spnng - c F „ ^ ^ ^ ^ ^ ?a 

determined usmg referen e to. ^ g object 

rr 5 on 1« figure 7b shows to equivalent positions to objea 240 in to fa* 
T o to graphic*, objec, 240 on screen 20. The position of to mouse 2 

positioned on the starting point 246. 

FiEUie 7c shows dispiay screen 20 displaying objec, 240 after to ^£*Z 
g „ i_ o^c tv>^ user has moved cursor 1 80 quicKiy 10 

. la rg= distance ,0 te n* » frame Tht user feels . spring force puffing 

not been mo% ea tne motion 
screen 20 since the cursor motion has been scaien nignc 

Figure 7e shows drsplay screen 20 displaying object 240 after the user has moved the 
T2 1 Is nZl nor move as far on. ,o to baUisric aigoritor scahng down to 

However, when to user looks a, to screen 20, to user expecrs » fee a aprmg 

* cursor 180 srffl being sonre disrance from to fixed pomon 242 of to object 240. Th 

dichotomy can be very disconcerting for to user. 
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„ , ^ m 0 A-y the scale factor that was used 

the screen. Likewise, distance on the screen. In 

same scale facer is usee, resulung . the eursor movmg £ -» The forK 

eliminated. 

Referring baefc .0 Figure 6, after step 220. ihe preeess eonrinues >o step 222 . ** 

te posftion of ^er m as » ^ ^ ^ ^ ^ md — me 
in the display frame 28. ine no;>i h host 
<** ef dre eurser a, Ore appropr»,e « ^ ^ t ^ 

compmer simply displays Ore eurser a ™ sL performed on Ore referenee data 
devi ce, and preferably — ^ "Ling, or omer proeesses. This 

:rrr;?p— = . - — — J3 

200 then returns to step 204 to read another mouse position. 

* "UaH in Fieure 6 the method 200 may also include any of the 
Although not descnbed in Figure 6, the fa 

vexing features described in me present - - ^ to cause offsets in the local 
preferred since method 200 makes use of ballistics, which e 

S5issrisr-"sr. ~- . 

200. 

i Virion to modifying the reference data using ballistics, indexing, or the scale 
, T 22 oT^Tending the cursor position to the host, the local micropiocessor 
factor used in step 220 before sending mc fo^rV features which may be 

can also modify the cursor posit.on according to other fore ^ J, in 
5 implemented in the force feedback mouse system 10. For example, chppmg 
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w™ thai docs not correspond to the mouse 
some stations to purpose,, repot a cursor posreon « ^ ^ ^ ^ ^ ^ 

posidoniBthelocalftruo.30. ^^^^Vexample, when rhe cursor 180 is 
a hard surface is being encounresed wtto .Use cureo _ ^ ^ ,„ 

m oved against a wall surface, an " * t due 10 acMat oc limitations. Thus, 

physically srop toe user's motion -*» ^ mouse , nt0 wa „ 
,„ create the illusion of a hard surface, the ^ j" te surface of the wall 

agato! , the obs.mc.ion force, ™*""Z^^? - * «- — ^ 
^fitisimpenetreble. Stnce toe ^^J^. To perform this illusion, toe 
the cursor, an illusion of an i.e., modtficd to that toe cursor position 

reference dau from toe mouse 1 . cbPP ^ rathCT ^ toe actual 

.pit* toe wall is reported to 4= host by ^ ^ 

position of toe mouse through toe ^JgZZ^ toction of . GUI and toe cursor 
h which a user moves toe mouse to "-^^ fe . ^ step 2M if appreprfare 
rema tos in a constant pos..ton. (W» J ' Mot her force feedback feature 

,„ m odify toe cursor position reported ^ teta«J „ „ distolballce 

filtering." Filtering allows toe local ™=P ^ reducK or 

— - ° f P0SW ° n rd dSur^Tm cursor positton that occur as a resnh of 
eUmina.es force-feedback-mduccd coprocessor can modify toe 

certain force sensations, such - JL« toe filtered cursor posirion to toe host 

cors or posttion ,0 filter ou, such r— - ^ ^ md „, 

eomputer. lataddiuo^many ofiner ^ * [ ^ ^ ml nocessary ,o toe preaen. mventton 
offerees and toe reponmg of data to toe host 
and are thus not detailed herein. 

« H ^musttating a second embodiment 300 of toe present 

. FIGURE 8 is a flow dtagram mi ^ fOTCa feedbacl = in mouse 

invention for implementrng enhancea positioning and coaise motion 

~ W - rrSSt" - for - de.etmh.fion ,0 pre.de 
of the cursor, and reterencc ua 
more realistic force feedback. 

to ^ 304, toe monse position in toe local fiam »« 

The method begms a. 302. h«*3 ■ jfiis position is preferably 

rea d by to. looal microprocessor 30 »d - to fc ^ by te 

st orefi in a storage area such - ^ „ d etermine4.fiom reference 

r=mT s^z^— — — - d 

the GUI (or other graphical environment) g 
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c . . The microprocessor also may determine 
step 208 described above with reference to Figure 6^ ^ dependent forces are 

or check for events that cause force sensauon, ^ ^ ^ ^..^ Qr 

calculated or generated. 

, , forces ^ calculated using the reference data. "Mouse 
in step 312, mouse based forces are « ^ ^ 

cased forces" are those force sensauons d ^^^Ler than on the cursor, In the 

purred embodiment, "^^^ „ t0 Figure 6, these force sensations are 
velocity or acceleration). As explain han the baUistic data. In addition, 

••cUpped" spring forces ^ ^ „ ^ clipped ^ forces 

position). CliP^^ f ^^ r4oBMlmoveduril «ft«ou»u,of te spn^forc. 



those forces are 
final mouse-based force. 
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«ir,,l a ted using ballistic data from step 30b. 
In step 314, cursor based forces are «^ ^ m „ preferably 
^ based force sensations, ~ «E *«odh . ^ ^ ^ 3Q4 

^-^'-^.t^d^ ^een what the user sees 
Forcc sensations that would cause a und ^ ^ ^ ^ mQre 

visually on the display device and what the feels _^ ^ ^ ^ ^ 
Ukely to be characterized as cursor . ba sed force sensations, since they 

embodiment, visual spring forces are designated ^ ^ 

with reference to Figures 7a-7f. When . v» -P ^ ^ ^ ^ ^ ^ ^ ^ 
data, then both the cursor position and the spnn ^ force sensations 

pesirion ft. cursor 180 as i, is »r*4 - *'<^ ^ mooi6 eo by 

L some stations <* reported cursor posmon ma, ^ M ^ ^ ^ 

cupping, distance flUcring. or other processes as expia 
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«M— posmonh^d^orin^w^of 

steps 308-314 and 318. 

• . ci in in and 3 14 are summed to result in a 

to sl ep 318, the forces determrned m 3 W ^ ^ 

wul force, which is to output on moose 12 by shown to the 

total force may hrCude ounet force £ ^ posiUon . Tnus (as tu 

an the enthodimeuts desenbed here* .ah « ryp ^ Ws 

md cursor-based) can be summed togethet and outpu OTviroranH1 , 
can occur base, on convex p ~ ^iTaUne in. drawing 

program ustng the cursor = « » J simultaneously ou , umn g a dampurg 

spring fotce based on the d.sunce a mousc . based 

- - *• " ^^^"bTsummed and „u 9 u, in step 3.S. 

The local microprocessor 130 u well ^ is sent from 

dara from rhe appropriate mmi . window in a GUI. 

toe hos, to rhe microprocessor 130 wmoh derm ^ 
Tna andosur. has force walls ^ ^* me ene,osure and is moved 

cement on, of the enclosure „ SK ballis , ic data (display fane) ,o derec, 
against me side of me wmdow Ore ^ „ movsd al o„g a side wa.l 

wlOT Ore cursor interne* «th me wmdow s de. teed 0 „ reference date from 

of the window, a ficion force is ourpu. by me fc cmsor to te 

.ha .ooa! fane, since fricbonisa m ^ ^ , foKe „ outpllt by te 
oomer of the wmdow and stretches the wmd ^ ^ t ^ 

^processor based on balusne date «-*, dap* ^ ^ ^ „ 

based force. Thus, the microprocessor s ability to se.ee, 
efficient implementation of the preaen, invennon. 

.a present —en, drners £ ^ ^ - 
300, Ore de.emrinauon of forces . mod^ » P ^ _ „ in methoi 
tomomfymgm.cn.aerpos.uon^o^^P ^ — $ ^ ^ 

5 ijsjr*s:irr.«--.-'----* — 



PCTAJS9S/17445 

WO 99/10872 



300 is more 



■ - K,llistlc dala is always reported ro the host 
effidestfor^^P^^^f 00 " ^ method 20 0, where 
computer (unless modified by other ' ™ M te hos , computer 

data or c-sUBt-mapptnl data (no, ' ^ , 0 ta host duri „ g to 

„h, « a ^J^^nT- J-asor to monfor fite forces 

noticed by the user ofthe mouse dev.ee. 

„ „ lco he Avowed in the determination and output oi 



are not detailed herein. 
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, , 6 ^ 8 for solving the visual-feel dichotomy 

to ahemafivc method «. £ „ y mousc ^ 10 as described wi* 

Solves ourpuning only -^TTb. used freely m such an embodimen, wi* no 
reference to s.=ps 210 and 310. WW* ^ ^ „„ Qme 

copcem over distomng Ac force fendback, nee f ^ rf ^ ^ „ 

^or other da. and arc no. - P- - • ^ f _ ^ ^ , mplemenlei ^ 

^soa. However, m general, « CUKOr . 
forccabasedultunatelyonmenostuondataofuaomousc 

. «. ..hods of Figures 6 and 8 (or 9) are available in a 
A.so.msomecnabodin^^m^ofF^^ ^ „ fc 

atoElc mouse interface syrnem, and fire us. y ^ ^ ^ ^ adjus , ftc 

^ahcs based on which one feels better »J* ^ ^ ^ comput „ or 

aaangth of the ballistics effect by, for example, aendtng p 

taBrtaCe,leViCe ' • . ^preferred embodiment 400 of the 

FIGURE 9 is a fiow dragram » ^« f ™ ^ _ foedback in 
present invention for implemenung enhance «- ^ embodiment 

r srr; r s — ~ - - - - ,o - te 

- — --^^ „_fomove the cursor 

lie tadeaing feature of the present rnv ^ ^ mer 

^ontthe display aiding win, physical U» to 

„ cxpenence disconcerting nOerrepb ^uefo -h ^ ^ ^ ^ , 2 
,he mouse workspace. For example, , 6 ^^deptn 

roy be moven in a workspace define^ by * «* » _ ^ ^ ^ ^ fc 
; 78 impacts a wall of the opentng 76. a hm.t rs rea 
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wo '" ,0,,1 . .-.^ « -t.-^ *«-•—■ 

harf 9 o P . in odmr feme T- to « so nm physie.1 Umiu .o - 

^ , n «hanica, linkage ** * ^ to m0US e further in a panloulax 

of freadom. The stop pre-* * -J^L „ . to ired targe, <™ * 
and may prevem ft. us* *» for a user since ,. 

..oodar-raaoh" aitcarion). These hard »°P ! « a,S ° 

n0,i °° ^ rfom bdemg t0 ,a mouse in Us 

h . — mens, • - « U — «P *• — - 

workspace and reach a daarred t»g« **h ^ ^ ^ 

pacing U closer .0 <h= Pinion dau «o me hos, wtach 

Movement When the mouse* UW. dsn, ^ 8 ^ *. force feedback 

aHows me oftsa, between moose and cm*, ^ non . force . fee obac k 

m ouse of me described embodimen, ^ ta te workspace, since h is 

mo use by lifnng up and physmany m— ^ ^ ^ fte ^ of 

atB , ched „ , mechanical unkage. may oollidewiih the hard stops 
5 physical impact dunng norma, use ^ reaching . .*r Hmi, .o mouse 

Uuendy, wtach is far more „ 0 ac.ua, impac. beween object 

Jemen. on a mousepad as in a nadmon* ~- and mexpeclcd „ a user of 

oocurs). in addition, me hard stops . are e« > mom ^ ^ 

a fa. feedback mouse man a trnd... m d nmu^s ^ _ ^ ^ ^ 

(^ref^da.a.omohosrc.mp^^o . ^ „ 

aU Umhs of the screen wUhou, machm a urn ^ ^ ^ , ^ 

25 „p,^ed herein, such a sohmon ^ ^ m ousa position in « 

oegmeofcumoroonnol. IM«~* fa its dispUy &a me 23 and 
,ooa, fcame 30 to become o^fmm ^ ^ fc ^ ^ „ * 

evenrually causes the mouse to tar *' J° ^ e vdocity ^ in baUiabcs. For example, tf 
variable scahng of cursor poaitton based «- J 0.5 inches from mo conror 

30 a mouse contcmd in to workspace ,s moved « _ ^ ^ ^ tte 
pota, me cursor may be moved 8 mch« - J ^ ^ back « tt e 

m0US e is men moved back me — «^ ^ only , toch hack towari dm somen 
workspace c»,er pom.. However ^ between te m ouso and cursor 

center poin. due to me ha,Usucs *^ a ^ llW111- . ^ ofteu add up. and dm 
35 poshions in ureir respeOive names. Durmg mom ^ ^ % ^ 

" lose may reach a physica, Urn,, - - — ^ shown in Hgum 5 as me dismnce 
o^e. on die screen. An example of such mo 
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, <u. the center C s of the screen (display fram, ). In 
^een the center C, of the MJ£ ^ ^ ^ „ caD ^ te 

such an example, the mouse «n h>t the ^ ^ ^ ^ ^ _ 

region 403 on the screen. Offsets m *c g ^ roay moye ^ 

not using baUistics; for example, an ^Uonj J . ^ ^ or 

cursor independently of the mouse, creatmg an offset and icq 
eliminate the offset. 

a «mvide a force feedback mouse that allows the 
to, oter methods ^ offsers « ocour for other 

nser greater cursor eonrrol ustng «J-"*° „ ^ o(Bsts ^preventing the user 

providing isometric limits to the mouse workspace 

t ,» M 404, the mouse position in the local frame 30 is 
Method 400 begtns «4«L fc-^J ^ fc ^ ^ ^ 

^d by me local microprocessor 130 predetOT „„ed distance of a physical 

coprocessor Che— r «>< ' m bodLnt, this predetermined distance is 
fen. ,o me mouse wo*sp « ^ * ^ , tait of lhe presrot 

designated an ".sememe tor* to te n, ^ ^ ^ ^ fc 

invention borders an "Uometnc regtor J*^ m ^ M explate d „«h 

oonh-ol te onrso, through T*^££ uscr t0 oon.ro, an object based on a rnte 
reference to Figure 1, tsomemc «"*^ jn , directi0 „ dict a,=s the speed of a 

control paradigm, where an amount <""-£^ „ „ e nomul posit ion control 

controlled graphical object mte ~ » - rf ^ _ „ h woritspaK 

naradiem for mouse-cursor mapping, wnerc u f 

^tomepositionofte — object m worhspace. 

ta Figurc , Loca, name 30 includes a ph^tcal ^ «J£? ^ ^ in One 

*« ' b Tw;^«tephyaicalwal,.oguldeopemng76. faomeUdc 
0 embodiment of F.^W^- P^ ^ by ^ locJ 

limiK 440 are designated according „,. rad „ 444. d can be constant around 

ndcroprocessor f30 ,0 be a, ~J~^£Z£*"**~ 

*. border 444, or d can v*y - M ^ force „ be outpul „„ the 

*"» "° m ;T:Z Itml region thus borders an isotomo region 443 
" rrr^rmouTposiOomng Preferably, , he rsomennc region 443 . a an 
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^ to the size of the screen; for example, width w of the 

rib predetermined distance of .somenac ■ ^ ^ (BSF) 

ofth e cursor is determtned. « 8 ;,«p 410, in which th. change «- «— 

U cdcultcd based on the mouse velocrty, IP in SK p 412, the cursor 

p 0sW on is «d to -he BSB time, te c to ' » ™^ „ ^ old coreor p OS «ion plus 
posidonCwWehusuhisc.eisU.eWhsucpo «^ )« , ^ ^ ^ 

present invention is perfotmed. In sKp , ^ ^ fast toe 

pen^ionofu,.mouseu^u,^c«^ ^ ^ ^ spnn8 

^ is moved isometnc.il, b**d « ^ otpell5tra Uon, use faster the cursor moves, 
force (explained*^). »^*^L„, rf p««taL In step 416, the change 
Thus, me isometric rat. is pmporhonal to ^ ^ js sel 

„ cursor position is se. e,ua> to M posibon determined in step 4,6. 

Thus, the next posttton of the cursor ,s ^ fa ^ ^ «,„„,, 

^r m d me posibon of me i mouse . to me physical border 444 of 
^ofureisomctricumits. ^^^^ mstead, isomeric (■*«) 
(he workspace, isotonic control of the cmsoru n g ^nof mouse mohon 

control is implemented baser, on prevous cruso, -pm ^ ^ ^ 

b stcp 418 , fc ^ — — r r^t : 

cursor-based forces based on ballistic da^. These step 
, 0 310, and 314, respectively, of method 300. 

cor checks if the mouse is currently in indexing mode, i.e., 
Instep424.menncroprocessorchecks.fth mouse is in the isotonic 

wn etherthe mouse ***^Tc£Z* — * " 

region 443 and ^ ^ ^ The pr0C ess then contmues 

substantially similarto step 312 of method 
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w below If the mouse is in indexing mode, fe. » step 428, 
to step 432, described below. It tne 

•processor calculates indexing forces, 
microprocessor . Qr reS tonng force 

to oppose to mouse's monon to M» fl ^ on ^ mouse 

position widun to U reg,on 442- Fo «£ ^ fc ^ . 

Led on to equation F - ^.^^ k is . ^a— 

0[igto or staring posinon of to sprmg. » ^ regl0 „ „ 2 ^ 

m Hu to displace^ of to fce m ouon of to mouse .o„ ari to 

0 direction of to spring ««■ - fc ^ isom emc spring force simnU.es a hard 

surface against which tne ^ 
For FIGURE ,0. .J— • — - J 

position of to mouse in to .oca, ^ ^^Jeorresponding - to ** 441 
V movei pa s, to lk« 450 imo Ld in to spring force ermauon as a . 

L diaance dl pene.ra.ed into to regron 442 s ^ ^ „ mov rf 

^Lto to magrinade of to — " *" " " 

tow ard to border 444, to 1^ * ^ opposing spring force is -P* 

^eisnaovedd^ioward^Ma, ^ ^ 

on nf display frame 25 in wmui 
FIGURE 10b Uluana.es to screen *) of *» » ^ 452 . fc 

displayed as coaled by to mouse ^ons ^ ^ ^ „ ^ f = 
portion of to cumor wben to mous ,2 * a, po ^ ^ < cu*or 

L left border 454 of to screen due , « „ cms0 , 452 (as . 

position toough to use of W-» Tbe ctang ^ ^ ^ „ raouse ,2 . 

25 416) is shown as cursor 456, wtaeb ,s m to ^ ^ ^ „ 

25 J, 442 and is a dism.ee d2 from te ^;^ orisdeteroiM d by to isomemc n» of 

'r'-CS- <« » to mouse; togae^ 
step 414, detenninedbydisPmcedl pen^d ^ ^ ^ ^ of the 

^dis^nce dl, to grealer *= agaijlst te ^g fore, of ^ 

t» fmm *= user- to grearer to „ £ Mr pus hes to mouse 12 agama 

«. is applying roeomba. to oumu.foree). fc ^^.e direcnon a. a 

35 to cursor ISO » ^ „ ^ ^ isome.5 c conno, m 
speed eonn-olled by to penenaoon drsance 
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cal borders 444 are reached by the mouse 12. 

«™ is changing or controlling the offset between display 
b effect, the microprocessor » <*»*°« ^ mod£ . ffc is because 

be moose may be axed tn posmon (or only b g ^ As me cursor 

b be ben, frame 30 -^^J^ely, ^loeal microprocessor stores an 

moves, be offset between frames « « ^ ^ ^ j^s 

-Wex value" in local memoty »4 as t*£~ ng „ „ 
, end bus may bach be f-«^"^ ^ . direction correspond to me 

tato bg siooadon by cbangt , *. -*« ^ at a rate of change 

b^tion of be penetmtton of the moose ^ ^ ^ ^ ^ 

dependentonbedepb of penebanon mtobetsom ^ ^ ^ ^ ^ 

in a traditional moose system "P ^ isomatic fom ot ^ can 

local frame. 

a • «. tareet usin. the isometric control, ben the nser can 
If be nser overshoots a dea.red <arg« tan. ^ 
immebatelyn^vebeoor^rbbeoppo— ^*-JL F»— P^««— 

control of the cursor is resumed. 

• ns 442 the user does not encounter a nara 
„ In addition, when using isometnc region , opp osing spring 

bme generared b connenuon wtb «,on 442 ^ ^ ^ ^ foKe „ of 
444; and, by be rime the moos. 446 gets vetyc ^ ^ ^ 444 M 

^ enough ma^bade fne uis ,emove S any disconceribg ham 

30 bat an impact — - ^ouse wotkapace. 
collisions when reaching limits to mem 

«n the microprocessor calculates equivalent forces to 
tearing .0 ^'•"^oX.been ourpb m step 426 bu, for ore 
subsbtut. for the mouse-baseu forces bat won ^ ^ ^ ^ ^ 

bdexbgmode. This „ *» ntode. Thus, as be user f ee,s be 

35 graphical environment to be felt oy m 
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WmXn ^ fee. forces overlaid on me spring force 

"* a texture force when the 
I «i by in.eracbons of the cursor ^ * ; foTCe wbcn ft c cursor 

^ move, over . "bumpy" — 4 « £ 

i^.waU. However, whence urso - ^ ^ ^ „ , ^ bascd * 

m ouse may no. be nrovntg wrton * ^o* ^ ^ movemenl m 

ruse's penetrauon into the tsomeutc ««. ^ ^ make senst , since * 

n o„se-based forces such as Thos , „ force to the 

no use is no. moving in a b5 substitu teu for the mouse-based 

force. This equivalent forcentaybebasedontung ^ ^ be ^ 

suc h us ballistic da, (or oboer ^^ a ^ UCKy P or dura „on instead of being based 
ovulate - <^ ta ' f r « u uC or divo. in .he GUI. The microprocessor 
on te poshion of.be mouse w„- ^ fc foree seMad ons 

b e sen. doing parameters fin bos ^ ^ ^ ^ outputnng te 

(to ourabon of aiol. force, the m « >J>>« foras cm be bascd on cursor 

force, etc.) Alternatively, ^ cursor moves over a border of a window 

La when the mouse is in indexing mode. 

b „ex, step .3, *. - 
m 4!2 to me host computer, and - urn » « ^ ^ lQgeto ffid ourputby 
Jlined in steps 420, 422, 426, 428 -J^£' forK „ ontpul if the mouse is . 

indexing mode as well > '. Mt!>read mother mouse postbon. 
The nrocess then returns to step 404 to rean 

5 . , , -hysteresis zone" may be provided between toe 

„ an alternate embodunent, a b s.« ^ ^ Mnc 

isometric region 442 and Ore isotoruc region 44 ^ „ f w for 

o.bng re^on 442. Por exunpfc. wbe „ fte mous e exits region 442, ext. Ismd 

30 enterlintit462eanbepos.bonedaslum.440 ^ ^ ^ ^ opposl „g 

464 eon be posiboned burner away ^ borfer when exiting and 

sprtng force to remam aobve ^« ^. Ms prev e„ts me mouse ,2 bom 
..^es" m« mouse and cursor fcrihe bom * ^ ^ fc ^ ,„ * 

bLg posiboned^ close ,o Ore o^an^- ^ ^ ^ 

35 direcuons for maximum conno when «UW ^ ^ fl ^ eHtlng 

eonbnUedmisommcnmdemam^ ^„ ity ot ^ oonno, pamdigm, and eon 

regi on 442. The hys.eres,s rone also mcreas^ 
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1 ~a<* tn isotonic control mode since the spring 
e^e the transition « ^7^^ — «» — " 

force will have a larger space/range to gradually 



exiting region 442. 



* ~D . 

„Wch ft. isometric tato as desenbed above ^ ^ rf fc 

nrouse workspace. Tte *w ^ ^ due „ „, s ^ of * c 

sin IRE 10c the local frame 30 includes physical workspace Umits 444 
Refenang .0 FIGURE Ite*. 1 ^ regio „ 443 B 

which the mouse cannot move beyond, as fe deftaed betwee n the 

defin od by dashed Una 445, ~ metoU umils of method 400 
isotonic region 443 and the limit 444. Ttos rs -* ^ ^ 

the equivalent region of Figures 5 ana iua. 



0 



that is 1/4 of the workspace area. 
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positions ate directly coneUed .to ^ P ^ ^ m fc isometnc 

passes modify me posmon «~ ^ ^ ^ above . 

reg ion, then isomemo moo , en« . whr ^ ^ _ f 

The cursor is posruoned/moved acooromg n prefcrably 

opposes me mouse's motion into me rsomemc The microprocessor 

olmines me speed of me crusot as « ^ ^ „ h medloi 

^ overlays any ^-^^^00 against Ure spring force, me 
400. Thus, when the mouse rs moved tnto. dr _ responding to Ore 

cursor is moved according to a tat. control pamdrgm ^ ^ 

^on of me mouse, where dr. »oun. »f comprc^ ^ ^ 
occurs*. ™us=rm = ^ ^ « ^ once mo, 
regi on, isotonic control « ^ . hysKresis effect can be 

from me physical limit, similar ,0 this effecl desenbed above. 
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, • ^diments the isometric rate control mode 
It shou ld be noted purposes, i.e. to position the 

described above can be abated » oto J ^ for cxample , ^ead of entering 
cursor after a physical limit has been ^hed y ^ ^ ^ ^ ^ isometnc 
isometric mode when the cursor ^ ^ ^ ^ ^ Such „ embodimcnt 
5 mode at any time by pressmg and ***** - cal Umits 444 of the mouse 

wou ld a.so preferably inclu e spnng * J ^ ^ ^ ^ As explained 
worksp ace to soften any hard — > ™Z->-* «** ™ *" ^ 
above, in such an isometnc mode, only mouse . based forces make no sense in a 

based on time or cursor positon) can be output, smc 
in rate control paradigm- , 

„ mm illustrating another embodiment 500 of the present 
FIGURE 11 is a flow digram lUustraUng ^ ^ ^ fa ^ 

invention for implementing enhanced cur*r ^ Qf ^ 

device 10. Method 500 ^es^- - ^ ^ „ „ ^ . 

presen t invention usmg » ^ a hysical Umit in a direction while the cursor 

Me .od5O0begh«at50, „ £ ^ 

, 0 wo*spao. limit 444 (thus d.6ning a P— tt= prede.^ ««-» can 

boasmalldistrmceorregronsuchaso/aol ^ ^ ^ „ „„, 

mo use is no, within to distance or is no m J5 ^ ^ ^ ^ ^ 

««y and ft. .- --^ scree „ toor (BSF) based on ft. moose 

25 0 f ft. cursor is dotted by calculatmg a ^ faK ^ change „ 

vCocity and wh.r. ft. change in , «« l-« »* (wUch h ^ ^ is ft. 

n ous. position, as in ^ ^ l^ position pl »s ft. change in cursor position 

ruicmpro-sor *~— *TT ^.tlrTmor. position, i.e., ft. location of 

fte nous, in ft. pred.t.rmu,.d mgron .* -»»^ ^ fc ^ 28 

disM c.b. WOT1 h..un m tp.s, n onofft.ou~t^ , f ^ ^ „ 

35 ft, cormsponds to ft. — ^. ^ .t^ *. mous. and ft. right limit is 
closest to ft. right workspace limit, the oistan 

44 
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W ° 99,10872 n the cunor and the right screen edge is 

r l4 and the distance between w ff . fh e distances 

determined in step 514 ana m ^ becorae offset, tne 

• j * 516 If the cursor and the m . R appropriate scaling 

deternnned in step different. In step 518, an apv^v 

1*. tan -P* 5,4 and 5,6 can ^StSle dishes obtained in ««ps 514 and 
factor is d^ed for the cursor ponton uti ta^ ^ „ fc n o«se 

5,6 This seating factor is chosen to allow ^ of te scre en 20. In othet 

Jlpaco-n^-^ejn-^^ ^ „ ^ s0 « 
wotds, to iocs! and display me cur$or ^ to screen edge, >.=, to 

„essoruses too* ^ ^ ^ ^ 

for e*amp,e, by moving the -«-^ „ ^ space to .averse in to. 
ltait 444 at a poor, whore the ^ line a new sc*g factor for use in the 
option. The local ■*«*"-" to «^ fc e „ d of te ^ as 

p^^od region of step 506 -» for example , by Godipg * 

L mouse is moved through to region. Tte ^ ta ^ JM „ ^ fte 

scaling factor that is multiplied by rn 
,„ to remaining cursor screen space. 

„ step 5,0, rhechange in tocu, or^inon = ^ toe fc cu«or 

position is derermmed as the old curso r position. 

520. The edge scaled cursor posttion thus is se 

^ nn are determined; in steps 
„ step 522, interactions between are do— ta slop 530 the 

md 52S independent, mouse hascd . hosl romputer , m d in step 532 to 
cunor position determined in step 12 ^ mouse u . fc steps 522^ 

* — ^ ^ " ,1 cdt to edgo.soa.ed omaor position. - 
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D^z. 3UUJ ' . roc where tne curxji »•= f . lt: 

tot , for cursor based forces » ^ ««™ ^ oumor position, not batotic 

Jon, dtose foroea are cn.cu.ated * 4oned „ «. edge sealed aegton 

c L r portions. For exam, *. «-«^JL data. Altentadveiy, to metod 
w0 „d be ca.eu.ated based on Mexing steps 506 and 5.4-520. 

-* b " -: ^^opositiottingoftoemsor 
Meli od 500 ma, onus, some proMems for to »*n» * P ^ „ to 

^ to edge-scaled region of to sor^smoe to cm^ ^ ^ ^ 

^ou. However, to edge seating . «- ^ ^ ^ to user may move to 
s^en. Thus, iftot*er overshoots a target 
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. ~«im direction to acqutrc the target, »™ [ P" 

is „ed winch typ.cally 

Moto „ to the edge f^^^ - - *~ *~ 
when the mouse is positioned near *e ,^e m ^ ^ fte Mihood *. 

lotion of nte mouse «. e. edge ^ „ . c0 „, si0 „ fcrce vrrth *c 

physical stops is felt- to o* fthescw n. 

Mcnhonofuteontnorhtnntgttteedseof .. SBps 50 6 508 and 510 

to . aLemare embodrment of the ^ workspace „ m „ in the 

„ omL «- distance 5H, and the drsunce between the 

direction of the mouse's movement ts d«em> Um lt is detetmmed m sup 

Z * tdlows d-e local microproceaeo to c*u ^ „ fte ^ „f the 

p itions of the mouse in » ^ ataays be ercamhung me drsunc. 

For example, me tmcropo* - h sBp ,„ md o,e dtsunoe 

31 *• — ' P0S1U0 ° Tit in step 516 and scaling the cursor posthon 

b^een the cursor and the screen tonus »~P ^ be prov ,ded. 

rig,,, h, one «sm,= ^ ^ ^ connant mapping 

fine and intermediate, coarse <u „ nW . veT fte intermediate speea w 

use mis ahemative to method 550 to vary ^ ^^cessor can d « OTU "°* 

^ end display frames, ha en sidK> such to , four different s*-g factors 

can be stored and the one u : nvent ion for avoidmg 

A Cerent emhodhnent of an mdeaing CI—' « 

" menu^a—the^^ 

m ethod uses the actuators 64 of the foroefeen ^ ^ be performed ^ 

£l me focal frame and the dispfay ™£ fc fte |ocatal ta *. Ml 

^cre^f^^^^Le.^enmi^gmoo^h^ 
30 famemateorreapondsmmecenur f^d,^ ^ „ „ gmsping «h. m^ 

tones. Preferably, auto centenng » P"*°° aut0 can also be p-ftm* 

S*"*— '^"tll apredetemunedn^boid.AlunraUvoly, 
«#-!-•.«*-*— tT" r^ce L h provided to the user on mouse U « 
• — ^trrrr to be .10 centered when me mpu. devtco 
35 other position which worn 



selected by the user. ^ 
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V ° mW " ■ mother embodiment 600 of -he present 

FIGURE U is . flow — force feedbae, * - 

embodiment, an alteroa» ve 
provide enhanced cursor control 

, 602 to step 604, me roouse position in ti,e local heme 30 >s 
memod begms a. 60 2. h n£ 
road by the local microprocessor 130 anou 

™ines the previous positions of the mouse bo detemune dae 
to step 606, the process examines -he pro P ^ ^ me balUstICS 

vetoctiy of dte mouse. This can *e * 
^ep60S, te proc^^^ 

on fc mouse velocity. In One present-* ~ _ fte mouse m d Onus One 

outpuding forces on the mouse 12 <o pro™. * ^ „ is ^ed 

c As in ballistics algorithms, when fc « ™ g ^ rf ^ 

to , *e user is pe.fo.min* flue posdron^ .0 to™ ^ for ^ veloclliB 

m o»se u.alaxgermagmruueres.suv. *»• »» on ^ mous , ta one 

of me mouse 12, a smaller magndu *»- ^ , teKlt tocuon 

embodiment, to magnimde of . f ^ ^ „ „ el . 

M has one or moro disdnc. veloaty du«ho * fe rf 
prodetemrined tiueshold vein* • Magnitude of damptog resistance 

L mouse is above ma, threshold ve*m», •£« - „ provioe . 



30 



bC ^ «« e™ be auv of a variety of types of resistive 

Th e ros.st.ve force determined in « » ^ Mah . torc e modCW - F - f • 
forcK . for example, a damping force modelled^ ■ rf _ . mot e forces 

( , , ,v„, or a dafferen, dissipative ^ cm be adjust as desert 

^ be provided The damputg forces slow down and rosis. Qurct 

^ve based on me mouse velocdy. Such P ^ ^ more slov „ y ^ 

movement of me mouse so W me jittets or overshooting dean* 
^.eiy within the gmpmca! env.ronmen t w*h ^ ^ ^ or ^ 
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WO " /l ° 872 ^outputsthcresistiveforcconthemouse 12usmg 

in step 610, the local xmcropro^sor ou^ ^ ^ ^ ^ ^ ^ 

the actuators of the mouse dev.ce 10. P« mouse, i.e., resistance is 

c ^ rnrMor is output in all degrees 01 nccu 

felt bv the user regardless 01 ui 

c,.a s the reference position obtained m step 604 
b^612.*olocd«to^-^"^ ^ m ^ method 600 or 

t0 * e host compute, Step 612 L reference data is scale, 

simultaneously with the other steps 60W1* tQ ^ the cursor to 

- - - - - - - ~ 10 - 

Sl „ce a*—* «~ conuo, -^^^ ffld , sblC e reference dara and 
«•,.,» ereen without hitting a physical umn, u ■ .™ent 
oursor <o all areas of the sew- *" ^ intaing feature of the present 

n0 , ballisric da. is reported - to M ^mp However, in some embodiments, 

tavention are no, required in to fTT^Z* and display names become offse. for 
. indexing feanare may sull he desnedu , ^ ^ Wexmg 

- reaaon or to ^^TJ^ ,f ind«urg Is used, any tndeaing f oroe 
-^^--omeandonrporioatep,, 

^ ninstratine another embodiment b^u oi m F 
FIGURE .3 is a now dtagram MM ^ ^ distorting force 
0 invenhon for providing an enhanced ^ ^ M ^ to ^. me na« in fin..y posttiomng 
feedback. In this embodiment, force detenu 
th* rursor at a desired target. 

, , ,„ 624 a high level command is received from the 
The method begins a. 627. In step ^ ^ J0 ^ pmnl8t ers 
bos. compnter indicating the :loe*mn f *» ^ ^j.^,- 



25 
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bos. compnter indicating to , h-« - ^ ^ lbB!0otalB «*.«» 
describing characteristics of to detenK* A ^ ^ of ^ t0 

»movibgtocursor .capsular po«« «« „ ^ . -Ms annul area the feel of 

*. cursor away from to. pom. or area such « ^ ^ fc cursor as 

. physieal deter* divot, or valley m a M «d- ^ ^ be ootput on to 

J£ within a pmderermined , totance , sp[i „ g fMce can be provided m a 

m0 use « which helps guide the onmor ^ (top- ^ fc ^ ^ r area, so 

regi „n surrounding a point or area and be unrated ^ ^ „ 

«S when me cursor is in * ^ rf ^ _ motio n 
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• targets, they help the set in fine positioning of 

thecursor. Tnus atargetsuch f a J^ pointofthe icon. It is easier for the user 

provided in a region surrounding the icon or ^ positk)ning is 

to acquire targets that include detents, so the need 



much reduced. 



, . ,. ml host computet sends dau to the local mioroprooessor 
„ preferred * ^ Locations of detenu within 

indicating *<= I"*"-* of deten m tte P» ^ § predeKnmned regl0n 

ft. end* grapbioai ermrcnmen, ^ „ indicalUlg to 

s0n - o u„d» g the force or shop, of the region »here me 

0 magnitude of the dotent force, the ^ ^ force etc Step «24 can be perforated a, any time 
deten, exists, me d^tioo - S —so* — ^ 

during the process and can be repeated up 
detents in the graphical environment 

„ in the local frame 30 is read by the local 
In step 626, the mouse position m the local ^processor checks 

l5 n—essor^ The local 

whether the mouse is currently at a location ^ . f ^ 

coprocessor preferably checks the detent **a sen to t j ^ ^ ^ 

mouse is positioned at the locaUon of a d** W ^ ^ ^ 

■-sr^aS; 

detent, step 630 is initiated. 

„tr„ic the outout of a detent force on the 
„ sK p 630, me .oca! microprocessor ""^J^del and according to any 
25 mouse n by achats 6 4 according « . - scnds fc 

paramercrs sen, by tiae ho., compu* £P ■ „ ^ CUKOt 

reference position of tire mouse obumed m at=P ^ a 

(non-balUstic) mappmg. The process mcu 
are similar as described above. 

35 rr 1 — 
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* 0Wll ° m . amund the cursor to help 

^ ft. cursor in desired duccoon ^ ^ ^ fc rep<) , 

!l*«r - bo provide* aroun a regr or >™* ^ mdtor B *ure forces. 

* enclosure is a box* ^ a6 Wction of the - 

Pot examp.e, sixe, iocahon. «B of the „, scroli surfaces, a,d ur= 

CHPP* ch^.^ of dr^or „ can al.be varied, 

^oftbeuserob^necessa^oengag ^ 

^ si de of dre enclosure — — "JL *e eoofosure. fn 

enc.osure^wou.daffowur.u^^J^J ^^^ — a* 
oter siruarions, a hard surface on an ^ m Mp mainrarn Ore cursor 

a , ,he end of the edge Similarly, «wo «km *«S g ^ „ f surfacK or « 

„„ a slider bar or other linear ' whm mou s. moves in 

ensure can be provide around * ctuw, wta ^ ^ ^ ^ ^ u 
a way to indicate fine posiuomng ts desueo, as 

„. , mlllustra ,inganod,=r«nbodimcnt650forprov,dmgan 
FIGU RE .4 is a flow d„gram *-» E „ ^ OTbodm „t, 

— °' « ir;;:-ndt cuir when the user ,s believed to need ,0 

force detents are provided m a region 
finely position the cursor. 

• t 652 in step 654, the mouse position in the local frame 30 ,s 

— a — . — — "-" 

perform to determine velocity. 

25 vdocity, and whether rhe nouae has some , vetoed bdow 

p^etemrincd rime period. The ,„ „. gnphical —en,, 

'which .he user rypicafly desires to fomd „ typically pass when «. 

Toe predetennined time period rs preferably a h« P ^ mk (md 

»1 having uoubl. acquiring . ^of , seconds for a palmar uah 

step 658 and the time period is ignored. ^ 
„ the mouse ve.ociry is above the — by 
35 other interactions of the cursor in ^ 
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1 'tv for the minimum time, tneu ui^ 

„ *. mouse vdocity is 1- *- » "f^^ foI ee detents are provide* in . 
pra cess continues ,o «P «* » * "J^JL.* detenu « no. provided if Ore 
detennined spacing °«'^7oT^ ley -id oniy encumber fas, coarse 
m ouse is movntg over the ^ m ov,„g tlte mouse slowly for *. 

.notion of me mouse and cursor. Howe^ ^ ^ ^ Ksistance ,„ fioe 

predefined time period. me >ocai P» „ prefmbly . .ft. 
Zoning, and provided me Md of • „ ^ q „ ick no ,,on of * 

detents d*crib* with reference » P*. * ^ , series of emu 

m ouse and cursor. The force - * * u 

radii , or in omcr contiguous. W .„ fte QUL The fieid of de.e« 
user, or may vary dependmg on .he -»* ' » bc idtd only ta , predefined smaller 

m cover me entire screen or dtsplay > , shape « afters according • <he 

m^onsunonndins^c^rma^ned ^ ^ ^ 

re jon or nearest oh.ee, of ^ ^ cm be varit o « 

provided, and toe spacmg of the de.enu oa ^ d of ^ pout* delayed 

Ule, • * *— - ^1 Tmcel, toe detenu can correspond* l«er 
opdrescreenbyadravnngprogram. toa« P ^ ch delen , ca „ also correspond « each 

spaaing end tine spacing of tire „ spaced « Ore minimum — 

pixel displayed on tire screen. Ideally * ffl on ^ mouse „ can „* ,000 

reouired for a give poaitiomng task. For examp . SUKe , foI 

' pll per equate inch. This h,gh re.olu.mnu - ^ ^ detMts nes d only he 
Lmpie, 300 pixels are tor some ushs. de.en. spacing gren.er titan 

provided tf tire 300 per square mch reaolunon. 
lh ep,xelspacingcanbeprov,ded. 

Toe ,ocal m.oroprocessor can prov.de tire de e„ ^ ^ ^ 

!5 ooa.compu.er. *^'**™^ZZ^X *- - ~ 

30 .ooation. U no, tire process renrrna to * * „ outpotting fot oes in toe 



steps). 

51 



pCT/US98/n445 



Method 650 is easier » ■""T^ «<L wit M 1— ta *' 

^S— •» *• ^ if a detent U encoun^ I--. * 

deunts in ft. "-^^ ft. iocs! f - -» ^ * 

» ftis i«— to bOT tn^XTvaicn^creof will become appsrenuo 

^a sWW in the m »po« • ^ ^ ^ ^imants herein are also very 

Imple, although samples in a GUI are d«n W ^ specially <hr«- 

Tsulled for ofter 

agonal graphical— **« MB ro h«.pful » 
^ a ct^r or controlled object 



0 



25 



interface d.™. anow. ^ ^ _ ^.^ B „ 

ta addition, .any "*"*»~2ZZ~ W*» » ^ 
Jordan., with differcn. Radons or curso,bas.d fore. —~ 

screen and which may be m°»~ b ^°*° ' can be combined in various ways to 
Z, ftc various fences of Ihe ™ 0IL „ addirion, many W es of user 

^de addibooal embodiments of ^ forcM l0 te user, such as a ■«* 

objects and mechanisms can he provided o ™* has been u*=d 

2-1. joysdcH, stylus, or orher *~ ^ — . „ is te efor 

„ the purposes of desenpnve *£. - - ^ ^ pcrmuuhons, and 

tatOT ded M U» ^VuuTsPH. and scope of me presen, invenhon. 
^uivalenrs as fall wrtlnn the true spml an 



jpTiat is claimed is: 
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. • „ * w-e feedback interface 
a mrsor control using a lorce iccu 

, . A B «*od fos ^ cn— -4 . — «- -* 

ievte conpied » - 

„ . dwce „ as a ^ 

,.\ Teadine a p°s»on •> a mal0 I" u 
poster, sarfmarupulan ^ ^ 

causing a distortion in the quality 

— sWrorepon . tos , dho: 

25 scaungdenvad&ornav.. V said cu ™ position is said rtf=«nc« 

4 . A method a, rccHad in Cadn £ ~ ^ (c) is a visaa, spHns 

force ' - ^ * ^;n^ based on motion or 

..'szss rrrrss =a—. 
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WO 99/10872 ■ determined using said 

fc A as recited in claim 5 wherein sari force ^ ^ is 

6 - A ^ ^ f?*e is based on motion or p-~£ -* P ^ ^ 
Terence position ,f ««* * ^n if said for* ^ or 
notavisualsp^^ position if sai d force - mdependen 
using neither reference nor 

position of said manipulandum. mani pulandum 

OT vironment- ive toree to t resists 

8 A methoa . recited * ** 1 " U fas. ° f * 

naniputatdum o sad 

° Vana " 0{ . „ a4tK o. force foresaid 

nmpoUn*"" to a parf CU ' P m „. 

pMi tic n insaid^Hn— • ^ ^ ^ „ 

daCT ub.mgpro«dedwbens id fora is provided by aUeast one of a 

!0 p^ ofo— forces — surfaces art 

l2 A method as recited in claim 

between said posmon of said m 
cursor on said display screen. 



25 



ie vice eonpied to host -^^JU* 



30 ^ eonpied to host ^ ^ oelh „d contpnsio, 
graphical environment on adrsp y 
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W °'" ,Wm device wottapace as . reference 

U nsdmg a P— of • mtnuputadum «. 
posin.n.saionranip^toggcaaHbyaus , 

• j wt computer, wherein saia cui* v 
W cepotting » «— P— ""J **, fine posing or — 

saidrefe^PO^^^^^dX — ' » ^ " " 
movement of said cursor .0 d , 5plavs saio cursor -tin said gmphtca, 

— — ^7 Z - — °° aa,d - - » 

' f.aidforceU.obederenmnedan^tapanbased 

(d) 4el ennining a force, — ^ is ^ „ aam d—i on of satd 
on motion ofsaidmampulandum, sard teferen 

force; and 

position, scad baUisrie position being sa,d «fe» P ^ „, ^ CUISM at 

I a WUstics a, 6 o rt *m, and U coarse »— of sard 

16 ' ^^J^cal^^s.dfo.eisavisuoispHngforce. 

„. A method as recited . cbtm 15 »*»» ^ wo 

- toed on motion of said atto st one reference position of 

25 said marupulandum, and a cw> 

position of said cursor. fnrre is said cursor-based 

• ,i« m 17 wherein a visual spnng force is said 

ma nipulandum-based sensation type. 

.•is wherein a local microprocessor, separate 

- ' — 
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.eportn^d^c^nS""^ based on m0 „„„ of 

■ , ,u. includes a vibration, jolt or u 
said manipulandum inciuo 

parameters. nosition is further modified 

-n A method as recited in l* ^ d cursor , said scaling 

s.edre*^^^ 
reference positionbeing performed ony 

for positioning said cursor. oositiom ng is determined to be 

- r-ir-- 

• .biect physically contacted by a user an 
a mouse ooj eci p" y 3 ^ n „d- 

25 aPl , n i ml r device workspace; and 

mom c object m sad pi*-* rf t0 sensor 

^^^^^^ 
and to said actuators, said local mi 
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^gac^rpo^on^^™ „ detamtoe said curcor 

rf. said reference positron b, • ^ ,o said « i*- 
positosaidcmaorposiuon P^ ^ ^^.er displays said cursor v,ta 

moving said mouse object, sad „ , ^iou cotrespondmg .0 sard 
said graphical environment on sa,d dtspl V 

cunor position, and ot said cursor with a graphical 

^umng a force based on — " ^ 

mo tion of said mouse object, vm 
dorerminarion of said force. 

ballistics algorithm when said 

position to said host computer. ^ ^ 

---r;r:d-:^::hena,d f0K e,a^ 

microprocessor uses said cursor p 

force ' , _ redted in claim 25 wherein said local 

28 MorcefeedhaCmouse interface said m ouse po^on and said 

curS or position have ^'^^ 
predetermined distance of a limit to s 

*«1 urine a force feedback interface 

device Wed ro ahos, 

^id graphical environment on a dtsptay 

^dmgamanipulandummbegraapcdandmovedbyauaer. ^ ^ 

seMta6 *c modon '"f^ZZX^*— ~ * 
deromimng a reference postdon and refcren 



30 local frame; 
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W099rt °* 72 ^rition. wherein a relation between 

^ scale, P-dou .* - ""goring aud course positioning of sard cursor. 

-^1, ^ 

^ 1.. — — — ^ ^ 

outputting sard computed forces to said usff through said ni3nipul3lidunu 
dsous^inparr.saidrofereucev.loc.ry. 

device compnsing: 

, rasped and moved by a user, 

a manipulandum to be graspeu ^ 

f^e and determines a reference pu 
within said local frame; 

wive to output a force on said manipulandum; 
an actuator operative to ouvp 

led to said sensor and to said actuator, sam local 
25 a local microprocessor coupled to sam 

microprocessor wherein the relation 

a scuicd positiou tioo, said J- - velodly 



m 
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W0WaM " - _ coodo. «c said u*r when covins said 

Urereby providing danced cuntor « 

^andun, •*• n to said host computer, wherein said host 

reporting said scaied posttton ^ . - » ^ saM 

^.teruse.aaidsoaledpoaidoomsa.dd.spUyof 

«*— . said mmiputa dunt, said .oca. 

said actuator, 
^coprocessor also uses sordsctded post 

-^^r^"«— ------ 

n indexing feature in a force feedback mouse device, 
34. A method for provuhng an ^ e ™* a cursor ^ graphical objects m a 

0 « device including a mouse being 

^ environme.ton raoved m a drsplav frame based on sard 

moveable in a local frame, wherein saia 

positioned next to said physical taut; 

^rerntaingaroc^onofsaidnrouscinsaidregion, ^ ^ ^ 

^ said .ocadou to provide con.ro. * 
30 lWt of said dispUy taree corresponding to -d >» 
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*° «* of said cursor to an edge of said display 

reported to said host computer that ^of said workspace. 

fiLe such that said mouse need never contact m P ^ 

, • . m 34 wherein said location of said mouse m sam 
35. A method as rec.ted m CaU ° 3 dmousepasta bolder of said region. 

rCSi ° n " • ,6 wherein said force is a resistive spring force 

cursor is provided by reporting a C, *^° a previous position of said cursor wben sard 



local frame. 



• „■ a-.3.** — Posinon^bascdon^d 
39 . A meihod as recrted » ctann » dUlanc5 dete rremes a speed of 

asunoc of said mouse part said regron bo*, wberern 



movement ofsaideurso,. location iucludcs 

. i u;m 14 wherein said step ol using ^ 
40. A meftod as recrted . „ said mo us= and said pbysteru Umrt 

firct distance between a current posmuu 

b^ac^^on^d^^^^^ 

^c. and said second drstance are used • • • based on a scaling 

rfaaid position ofsard mouse, sard of said ^n area v,b=n orbefcre 
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